ABSTRACT: For the appropriate design of large foundation deformation patterns of the reinforcement layers may to some extent permit the use of the results of small scale loading tests. This paper reports some of the small-scale model tests on reinforced sandy ground, which basically enunciates the various deformation pattern of the planar geocomposite reinforcement layer, subjected to static vertical loading. Initially load tests were carried out at three different relative densities (Dr=32%, 70%, 89%) from which optimum length (L) and placement depth of single geocomposite layer was found as 2.5B (B=footing width) and 0.4B respectively. After careful observation of the shape and deformation patterns of the reinforced zone, the same geocomposite layer was made into two possible shapes (V and channel shape). Load test results indicate that V-shape caused enormous increase in bearing capacity compared to plane layer.
Introduction
In order to increase bearing capacity of shallow foundation several experimental studies have shown that the reinforcing strips or geosynthetics layers need to be placed within a depth fairly equivalent to width of the footing. Usually one or more layers of a geosynthetic reinforcement and controlled filled materials (mainly granular soil) are placed beneath the footing to create a composite foundation base with improved performance in the increase in bearing capacity and settlement reduction. The construction of such reinforced earth bed (REB) has demonstrated as a viable cost-effective alternative to conventional methods of support. For more than a decade, REB has received considerable attention from the research community (Binquet and Lee 1975, Milligan and Love 1984; Guido et al 1986 ; Tatsuoka 1988, 1990 ; Khing et al 1993; Yetimoglu et al 1994; Tanabashi et al 1998) . In most of these studies strip footings were used, despite the fact that rectangular and square footings are more common in practice. Geotextiles, geogrid, metals (strips, sheets, bars), fibers (natural or manmade) have been used as reinforcement. In most of the cases granular soils have been proved to be the ideal material to improve its performance. Reinforcement materials are conveniently placed in one or more horizontal layers. The possible interaction between soil and reinforcement are shown in Fig. 1 . The contribution of reinforcement layer is assumed to be reflected by enlarging the failure zone that causes higher bearing capacity. Schlosser et al (1983) proposed a mechanism that incorporates "wide slab effect" and "deep footing effect" (Fig . 2) This method does not reveal anything about the tensile force generated within the reinforcement.
A more general approach is being shown in Fig. 3 In the above approach surface settlement of the footing has not been accounted into the empirical expression. As a matter of fact, most of the small scale model test results are conveniently presented in terms of load and settlement plots. Therefore, incorporation of the footing settlement should necessarily be a prerequisite for the prediction of the REB system. At this moment no realistic formulation has been put forward by feasible inclusion of the surface settlement, tensile force in the reinforcement and deformation pattern. The basic mechanism of REB has been explained by introducing deformation based model into the system (Ghosh and Madhav, 1994) . In this approach tensile forces in the reinforcement has been feasibly quantified and the effect of tension has been evaluated in terms of the reduction of settlement.
Small scale model tests have shown that there has to be sufficient deformation in the soil bed to obtain good boost in the bearing capacity, at least in quantitative terms. While observing the deformation patterns (in some cases observed through acrylic front wall) (Ghosh et al, 2001 ) the embedded layer also takes into certain shape. Most obvious pattern turns out to be trapezoidal open channel form in case of strip footing. The important issue at this point could be assessment of such shapes by conducting several experiments and thereafter pre-installing such shapes into the ground favorably to the construction ease for fresh load test.
The present study was undertaken to investigate the bearing capacity of strip footing on geotextile reinforced sand bed. A set-up of model box has been fabricated in the laboratory. The front panel of the box (600 x 450 x 194mm thick) is made of 30mm thick acrylic plate. Colored sand was used for making grid for feasible observation and deformation was recorded using digital camera. The parameters investigated include (1) placement depth of first layer of reinforcement, U (in this case length was taken as 3B), (2) size of the reinforcement sheet (L). More than 30 tests were carried out on Japanese standard Toyoura sand at three different relative densities (Dr=32%, 70%, 89%) from which optimum length (L) and placement depth was found as 2.5B (B=footing width) and 0.4B respectively (Ghosh et al, 2001 ). Improvement of bearing capacity as well as that of foundation stiffness was found the highest at medium relative density. The deformation patterns clearly demonstrate the influence zone corresponding to placement depth and length of the single geosynthetic layer. Shapes like, V-type and open channel types are the most common and they are relatively easy to prepare. From the observed pattern, slanting portion of the reinforcement was decided to be inclined While making these shapes, the center of area the reinforcement layer has been adjusted to be at optimum depth, i.e. 0.4B (40mm). In order to observe the effect of refilling, as this is one of the common practices in unpaved road construction using geosynthetics, one test has been performed in the similar manner. In the 1s` stage a load test was done with one plane geocomposite layer placed at optimum depth (U=0.4B) and after 30mm of settlement was observed, it was unloaded. Then the bulging surface/crater was leveled without using any extra sands and reloaded again to failure. In this case bearing capacity reached to peak at relatively small settlement and ultimate load increased significantly. The reinforcement took its final shape resembling a semi-circular channel.
From this investigation, the importance of soil-reinforcement interaction has been explained by careful observation of the deformation patterns. That is, for medium dense sand bearing capacity was the highest when single layer of geocomposite was placed at a depth of 0.4B. When same layer was placed in different shapes, bearing capacity as well as foundation stiffness improved further compared to plane layer.
Experiments and test procedure
A series of model tests have been conducted in a model tank (600x450x194 mm thick) (Fig. 4) . Static vertical loads were applied using a 20kN capacity load cell connected to a 20 channel data logger. The load cell was fitted between electrically operated displacement controlled loading shaft and ready-made load frame through a speed control motor unit. The details are given in Ghosh et al (2001) . The footing was loaded at a constant downward displacement rate until ultimate bearing state was reached or to a maximum settlement of 30 to 35% of footing width, whichever is higher. Due to displacement control system, the failure state of the reinforced bed was observed till sufficient reduction in the final load after peak stage. Thus post failure behavior was meticulously observed. Displacement as well as load data are automatically recorded on interval basis by a dedicated computer via data logger. The width of the tank is about six times the footing width thus boundary effect on the tests results are assumed small. During the tests, it was observed that the bulging of the sand was extensive for reinforced cases. In none of the tests bulging has gone beyond 4 times the footing width. (1) Properties of Toyoura sand Clean, air-dried standard Japanese Toyoura sand was used for the experiment. For obtaining three different densities of the sand air pluviation technique was used and height of fall obtained for the medium dense state was about 600 to 650mm. In case of loose state sample was prepared by pouring the sand from zero height. For the dense state a solid cylindrical block was used as tamper after pouring each layer of (about 50mm) sand. The density of the sand was checked in several occasions to ensure uniformity of the sample. Properties of the sand are shown in Table 1 .
(2) Properties of the geocomposite > 6%. In the present small scale test tensile force in the reinforcement has not been measured . However, in such tests amount of load is small compared to a prototype structure . Hence tensile forces to be generated will be eventually smaller. If scale factor of 10 (prototype footing width=1m) is assumed in the present case , the geosynthetic strength should be ideally reduced to 1/10th of the strength indicated in Fig . 7 . In most of the small scale tests the real strength of the reinforcement are underutilized. For this type of geocomposite more than 20 tests have been performed in the same machine. The strength shown in the Fig . 7 is the average strength within 95% confidence limit. Moreover , creep tests on the same geocomposite showed that creep strain at 50% loading (i . e. at 20 kN/m) remained within 6 to 8% for 10000hrs. The experiments were performed in two phases. Phase I was comprised of the two test series in which depth of reinforcement layer was varied as 0.25B, 0.5B, 0.75B , 1.013, 1.5B (keeping size of the reinforcement=3B). Having obtained optimum placement depth as about 0.4B, the length of layer varied as 1B , 2B, 4B, 5B respectively. The details of the tests results are given in Ghosh et al (2001) . It was observed from the Phase I tests that the reinforcement layer deforms along with the footing settlement. Deformation patterns mostly took open channel form or semicircular shape after sufficient allowance of settlement (Fig . 8) . Phase II of the tests consisted of pre-installing some of shapes being Surface profile Geocomposite, L=3B, U=0.25B observed in Phase I. Two shapes in the form of V and open channel (Fig. 9) were made and load tests data have been presented herein after. One additional test was performed by releveling the surface crater after the first test and the same was tested again. The deformation patterns of the V-shape and Channel shape are shown in Fig. 10 and Fig. 11 respectively. In both cases the shape of the reinforcement took semicircular open channel at the final stage of loading. There was marked increase in load bearing capacity compared to conventional horizontal placement of reinforcement (Fig. 12 ). At about 10% footing settlement load carried by the reinforced footing increased by loading. This has led to study further how pre-installed shape of the geocomposite may possibly affect the composite soil behavior. Out of two shapes tested, V-shape gave extremely higher bearing capacity at relatively large settlement.
The deformation patterns depicted in Fig. 10 and Fig. 11 
Conclusions
Several studies have reported about the increase of bearing capacity of footing resting on horizontally reinforced sandy ground. Most of these experimental data are fairly qualitative to the extent that due to scaling restriction they are not suitably utilized for field practice. There has been some attempts to relate small scale test data to the prototype foundation. But the laboratory model data are mostly in the form of load-settlement plots. The amount of settlement exerted to small footing causes changes in the position of the initially introduced plane layers. This paper studied deformed shape of the reinforcement layer caused by footing settlement.
The test results envisaged the importance of pre-installed shapes. Both V-shape and Channel shape caused enormous increase in bearing capacity and stiffness of the foundation. This study highlights the importance of confinement caused by pre-installed shapes in addition to the tensile force generation that might be responsible for significant increase in the bearing capacity.
